A series of Tm-doped zinc borotellurite glass have been extracted by conventional meltquenching method. The density was measured and it had been found that the value is increased by the increment of Tm 3+ ion. The elastic properties of the sample were determined by measuring longitudinal and shear velocities using an ultrasound technique. Then the values inserted into equations that calculate the elastic moduli of the glass samples. These include longitudinal, shear, bulk, Young's modulus and also the Poisson's ratio. 
Introduction
Tellurite oxide based glass has attracted the interest of many researchers because of its interesting properties such as good chemical durability, thermal stability, high refractive index and high solubility of rare earth ions [1] . These properties make it to be a good candidate for application as optical devices. Borate oxide (B 2 O 3 ) is other types of glass former which can form glass by its own. It is also has its own properties such as low melting point, good rare-earth ion solubility and high phonon energy. Addition of zinc oxide (ZnO) in glass produces a stable glass and increase the glass forming ability. It also could enhance the physical and optical properties of the glass includes reducing the melting point and optical band gap while increasing its refractive index. Rare earth doped materials proved to be a suitable candidate in photonic applications. In this paper, Tm 2 O 3 was doped into the glass in order to increase its optical properties. Tm-doped glass can act as active media of short cavity and thus compact fiber lasers.
Some research has been done on elastic properties of rare-earth doped glass such as BiB 2 (Mierzejewski et al,1988) [5] . It is found that the addition of rare earth can improve the elastic properties of glass due to the formation of new structural unit, high bond strength of rare earth oxide, the increment of bridging oxygen atoms and many more. Thulium oxide is used in this study because the research on elastic properties of Tm-doped glass is very few. In this research, advantages of the addition of thulium oxide into the glass system will be studied in terms of the elastic properties. respectively. Firstly, the chemicals were weighted in order to get the right proportion. After that, all the chemicals were mixed together, ground and stirred to make sure that they are dispersed equally in the mixture. Then, it was poured into alumina crucible and put in the furnace at 400°C for one hour for pre-heating process. This process was done to make sure that the mixture is free from water vapour. The crucible was then transferred to the second furnace to undergo melting process at 900°C for 2 hours. Next, the molten was poured into a stainless steel mould that was pre-heated at 400°C to avoid any thermal shock to the glass sample. The annealing process takes about one hour to reduce any residual thermal stresses in the sample. Finally, the furnace was turned off and the sample was allowed to cool down for 24 hours. The glass sample was cut to a specific size and polished for required characterization measurement. For ultrasound testing, the sample was cut to 5 mm height and the surface was polished to get a parallel surfaces.
Methodology
Density of the sample was measured using Electronic Densimeter MD-300S by Archimedes principle. The longitudinal and shear velocity that pass through the sample was measured using ultrasonic pulse-echo technique by Ritec Ram-5000 Snap System. Using both of these values, the elastic moduli of the glass, then can be calculated using the following equations;
Longitudinal modulus:
Shear modulus:
Bulk modulus:
Young's modulus:
Poisson's ratio:
Result and Discussion
The . As a heavier object replaces the lighter object, the total molecular weight of the sample will be increased. Thus, the density also will be increased since density is directly proportional to mass [6] . Besides that, the additional ions might fill the interstices of the network and causes the network to be compact [7] . The ultrasonic velocity data of the sample is tabulated in Table 1 . From 0.01 to 0.03 mol content, the ultrasonic velocity is increased. This indicates the strengthening of the glass network and increase in the rigidity of the sample [8] . It is also attributed to an increase in terms of the packing density due to the transformation of BO 3 triangular boron into BO 4 tetrahedral boron coordination and the increment of TeO 4 trigonal bipyramids [9] .
However, as Tm3+ concentration is further increased, the velocity of the ultrasonic wave produced an opposite trend. It shows a decrement until 0.05 mol content. This may be caused by the high concentration of Tm 2 O 3 . According to Gebavi et al in 2009, when Tm 3+ is added into a glass system, it acts as a network modifier which produced cleavage of the glass network and creates non-bridging oxygens, NBOs [10] . So, in this glass network, bridging and non-bridging oxygen is produced at the same time. In the concentration from 0.01 to 0.03 mol content, bridging oxygen is created more than the non-bridging oxygen. But from 0.03 to 0.05 mol content, the high concentration of Tm 3+ causes higher production of NBO than BO and this reduce the ultrasonic velocity. It can be seen that all the elastic moduli show the same trend that are increasing with rapid increment when Tm 3+ concentration is increased to 0.03 mol content. For 0.04 and 0.05 mol content, the values still increasing, but at a slow rate. This can be related to the growth of connectivity of the glass network [11] . The higher production of NBO as Tm 2 O 3 composition, reach 0.04 and 0.05 mol content causes the slow rise of elastic moduli. The modulus is still increasing even though NBO is produced because bridging oxygen is still exists in the glass network. There is a large difference between longitudinal and shear modulus as shown in Fig. 2 . This may be arising from volume effects, as the changes of volume during compressions and expansions that involved in longitudinal strain are pronounced but not in shear strains [12] .
The trend for Poisson's ratio is opposite to the elastic moduli trend. As Tm 3+ is increased, it is decreasing. According to Balaji et al (2014), Poisson's ratio is a measure of cross-link density in the glass network. The value that range from 0.1 to 0.3 indicates a high cross-link density while values that range between 0.3 to 0.5 shows a low cross-link density. As the data in Table 2 show that the value of Poisson's ratio is in the narrow range of 0.26 to 0.27, this specifies that these glass samples have a high cross-link density. Besides that, it is also indicated that the ions themselves are deform under stress in addition to the network distortion [13] .
Conclusion
Addition of Tm 2 O 3 in zinc borotellurite glass system causes an increment in density and elastic moduli. This is due to the increment in rigidity and thus increasing the strength of the glass.
